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ROBERT BIERI2
EL NINO and the "Callao painter" of the
Peruvian Coast have attained a classic stature
in the annals of oceanography. The catas-
trophic effect of this phenomenon on the
marine life of Peru is well known. The less
devastating El Aguaje (literally strong cur-
rent or rising tide) is not as notorious, but is
nevertheless of considerable interest because
it is a more general phenomenon, occurring
off California, west Africa, and elsewhere.
Following the terminology of Sverdrup,
Johnson, and Fleming (1942), El Nino is used
in this paper to designate the intrusion south
along the Peru coast of warm water less saline
than the general surface water of the Peru
current. In years of unusually heavy penetra-
tion of this water to the south the rainfall on
the normally dry Peruvian coast is very great.
El Aguaje refers to the intrusion to the coast
of warm, relatively more saline water of
oceanic origin from the west. This is fre-
quently accompanied by minor red tides but
does not bring heavy rainfall as does El Nino.
Such phenomena are not only of great eco-
nomic importance due to the destruction of
marine life, but also are of considerable scien-
tific interest because they transport pelagic
communities great distances from their nor-
mal ranges. Despite this, the precise effects
of such occurrences on the quality and quan-
tity of the local fauna are very poorly known.
The following discussion describes in some
detail the distribution of 15 species of Chaeto-
gnatha in the surface water of the Peru coastal
current in 1941, in the hope that it will serve
as a basis for comparison with future work
in the region and will allow a better evaluation
1 Contribution from rhe Lamonr Geological Ob-
servatory, No. 243, Biology Program 8. Manusctipt
received April 23, 1956.
2 Lamont Geological Observatory, Columbia Uni-
versity, Palisades, New York.
of the effects of these disturbances on the
local fauna.
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PREVIOUS WORK
Our meager knowledge ofthe Chaetognatha
in the southeast Pacific comes from a report
by Baldasseroni (1915) who listed three spe-
cies, Sagitta enflata, S.lyra, and S. serratodentata
from a single station off Chile. The reports
of Grey (1931) and Rose (1953) give some
idea of the fauna far to the west in the central
south Pacific.
The physical characteristics of the region
are known chiefly from papers by Schott
(1931), Gunther (1935), and a review of these
and other data by Sverdrup, et al. (1942).
Schweigger (1940) describes some of the
physical and biological features present off
the Peru coast in 1939. Sears (1954) gives an
extensive list of literature dealing with the
Peruvian coastal region. Fleming (1940),
Schaefer (1954), Bowman (1955),Juhl (1955),
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FIG. 1. Location of 1941 plankton samples. Every
orhet sration shown. Sample from sration 9 not in-
cluded in this report.
Wilson and Shimada (1955), and Wooster
and Jennings (1955) discuss various aspects
of the hydrography and biology of the eastern
tropical Pacific.
Several collections of zooplankton have
been made in the vicinity of Peru-among
them the Albatross, Dana, Discovery, and
Carnegie collections-but analyses of the
chaetognaths from these have not been pub-
lished. During the course of a United States
fisheries mission to Peru in 1941, Mr. Milton
J. Lobell collected 25 plankton samples be-
tween Callao and the Gulf of Guayquil in the
period May 6 to 9 (Fig. 1). These samples
form the basis of this report.
Recently zooplankton collections have been
made off Peru by Scripps Institution in 1952
and 1955, and by the California Division of
Fish and Game and the Bingham Oceano-
graphic Laboratories in 1953 (Posner, 1954).
The results of the plankton investigations of
these institutions are not yet published, but
the chaetognaths from the collections of the
Scripps Shellback Expedition in 1952 (240
samples), and of the California Department
of Fish and Game Longline Expedition in
o
80
1953 (26 samples), have been examined by
the author. Part of the extensive 1952 ma-
terial, in preparation for publication, is com-
pared with the 1941 collection.
METHODS
The 1941 samples, preserved in dilute for-
malin, were collected with a one-half meter
net made of bobbinet. The exact mesh of the
bobbinet is not known, but judging from the
size of the specimens caught it appears that
the mesh was within the range of one-half to
three-quarters of a millimeter. All of the tows
were made at the surface and were of five
minutes duration. Because of the uncertainty
of the mesh size and the unknown speed of
towing, no attempt has been made to estimate
the volume of water filtered by the net. In-
stead the total number of specimens of each
species collected in the tow is reported.
The author has found the following papers
helpful in identifying the chaetognath spe-
cies: Michael (1911), Ritter-Zahony (1911),
Tokioka (1939 and 1940), Daken and Colefax
(1940), Thomson (1947), and Fraser (1952).
The nomenclature of Furnestin (1953), has
been used for part of the S. serratodentata
group.
RESULTS
Fifteen species of Chaetognatha were found
in the surface waters off the Peruvian coast in
1941. Eight, or more than one-half of these,
indicate warmer water present in May 1941
than in August 1952. Of the eight species,
five, Sagitta bedoti, Sagitta californica, Sagitta
ferox, Sagitta neglecta, and Sagitta tenttis, in-
vaded the Peru coastal waters from the north.
Three species, Krohnitta pacifica, Sagitta regtt-
laris, and Sagitta robttsta penetrated the coastal
waters from the west or the north. The remain-
ing seven species, Pterosagitta draco, Sagitta
enflata, Sagitta hexaptera, Sagitta lyra, Sagitta
minima, Sagitta pacifica, and Sagitta sp., prob-
ably would show marked differences between
May 1941 and August 1952 if it were possible
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FIG. 2. Number of chaetognaths taken at each sta-
tion in May 1941.
to compare their relative abundances or ab-
solute concentrations.
In Figure 2 the total number of chaeto-
gnaths found at each station is shown. At no
station were chaetognaths absent, but at the
southernmost station only a single specimen
was taken. The data are highly variable and
no general trend is evident. The day tows
averaged four times as many chaetognaths as
the night tows but because of the great varia-
bility in abundance this is not regarded as
significant.
In Figure 3 the number of species found at
each station is shown. Although the data are
highly variable, a general decrease in the num-
ber of species at the southern stations is ap-
parent. This is due to a lack of equatorial and
central oceanic species at the southern stations.
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FIG. 3. Number of chaetognath species found at each
station in 1941.
Pterosagitta draco (Fig. 4),* occurred at all
but four stations. This species, which can be
characterized as a warm water inhabitant, is
found thtoughout the Pacific except off the
California and Korean coasts between roughly
40 degrees north and 40 degrees south (Bieri,
unpublished data). As might be expected, it
does not show any marked discontinuities in
the Peru region, but does appear to decrease
in abundance at the southern stations.
Krohnitta pacifica (Fig. 5) occurred at nine
nearly consecutive stations. This species was
absent from the inshore stations off Peru
during August, 1952 (Shellback Expedition).
* In Figures 4-13, the numbers refer to the number
of specimens of the chaetognath species being dis-
cussed which were taken in a five-minute surface tow,
using a one-half meter net.
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FIG. 4. Occurrence of Pterosagitta draco off Peru in
1941. (Number per five-minute surface tow, one-half
meter net.)
Whether or not this difference is a seasonal
one can only be shown by repeated short
interval sampling over a period of several
years. It can be said, however, that the pres-
ence of the species closer to the coast in 1941
could be due to greater penetration of south
Pacific central water from the west towards
the coast in 1941 or greater southern penetra-
tion of equatorial water from the north.
Sagitta bedoti occurred sporadically in low
numbers at 14 stations (Fig. 6) with the great-
est numbers in the north. It was found in the
nearshore region of Peru in 1952 but appears
to have penetrated further south in 1941.
Immature specimens of what appeared to
be Sagitta californica were found at four stations
(a single specimen at stations 14, 18, and 9
K. pacifica
-dayeni-ght '41
Ixi present '52
and three specimens at station 17). This spe-
cies is widespread in the Pacific, occurring
from roughly 38 degrees north to 38 degrees
south; however, it is missing or extremely
rare in the equatorial region (about 5 degrees
north to 5 degrees south) and is missing from
most of the California current. It is not com-
mon near shore except during unusual con-
ditions such as reported by Michael in 1913.
It was present at only one station off Peru in
1952 (14°01'5, 81°47'W) but was common
north of the equator at that time. It appears
most likely that the specimens in 1941 came
from the north although the possibility of an
intrusion from the southwest of Peru cannot
be definitely ruled out.
Sagitta enflata (Fig. 7) occurred at all but
three of the 1941 stations. Its distribution in
FIG. 5. 1941 distribution of Krohnitta pacifica com·
pared to 1952. Crosses with hatchure-present 1952,
without hatchure-absent 1952.
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FIG. 7. Occurrence of Sagitta enflata off Peru in 1941.
A large form of S. enflata maturing at a length of 20
mm. or greater occurred at the stations with underlined
concentrations.
tion throughout the Pacific is similar to but
somewhat more widespread than that of P.
draco and S. enflata; however, it is not usually
found as close to shore as S. enflata nor is it
as abundant. This together with its possibly
different vertical distribution probably ex-
plains its patchy appearance in the 1941
collections.
Single specimens of Sagitta lyra were taken
at stations 22, 17, and 14 and ten specimens
at station 23. This species is found through-
out the Pacific from approximately 45 degrees
north to about 45 degrees south latirude. It is
usually absent from very warm surface waters,
inhabiting the cooler waters below. Its oc-
currence at the above stations therefore might
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FIG. 6. Distribution of Sagitta bedoti in 1941 and
1952. Crosses wirh hatchure-present 1952, without
hatchure-absent 1952.
the Pacific is very similar to that of P. draco
and does not indicate any major change. A
large form of S. enflata maturing at 20 mm.
or longer was taken at stations 2, 3, 4, 19,
and 21. In 1952 this form was also' recorded
from the Peru current.
The distribution of Sagitta ferox (Fig. 8),
except for its occurrence at station three, is
very similar to that of K. pacifica and suggests
a common origin of the two local popula-
tions. In 1952 it was missing south of the
equator except for four stations west of 100
degrees west longitude. Thus it would appear
that this species could only have come from
the north.
Sagitta hexaptera (Fig. 9) was found in small
numbers at 12 stations in 1941. Its disttibu-
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FIG. 8. Distribution of Sagitta ferox in 1941 and
1952. Crosses are 1952 stations. S. ferox was absent
from all 1952 stations.
FIG. 9. Occurrence of Sagitta hexaptera off Peru in
1941.
seem somewhat anomalous since it occurs
together with equatorial species. Its distribu-
tion together with that of S. minima indicates
complex conditions between stations 14 and
23.
Single specimens of Sagitta minima were
taken at stations 22 and 19 while five speci-
mens were taken at station 18 and three speci-
mens at 16. This species has a widespread but
irregular distribution in the Pacific and is
most abundant in cool offshore waters. It
occurred sporadically off Peru in 1952.
A single specimen of Sagitta neglecta was
taken at station 17. In 1952 S. neglecta did not
occur south of about three degrees south
latitude; thus the present record indicates
some southward penetration of equatorial
water.
Sagitta regularis (Fig. 10) had a distribution
similar to K. pacifica and S. ferox in 1941 and
occurred considerably inshore of its limits in
1952. It could have reached this position by
intrusion of water from the north or west.
Sagitta robusta (Fig. 11) apparently was
more common off Peru in 1941 than in 1952.
Since this species is most abundant in warm
waters, it indicates warmer water present off
Peru in May 1941 than in August 1952.
The Sagitta serratodentata group is here split
into two populations provisionally called Sa-
gitta pacifica (Furnestin, 1953) and Sagitta sp.
S. pacifica has a distribution similar to P.
draco, S. enflata, and S. hexaptera and is found
at nearly every station in 1941 (Fig. 12).
Sagitta sp. is apparently new to science and
will be described in a future publication. It
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FIG. 10. Distribution of Sagitta regularis in 1941 and
1952. Crosses with hatchure-present 1952, without
hatchure-ahsent 1952.
has a distribution similar to S. minIma but
occurs somewhat deeper than that species. In
1952 it occurred at every station off Peru
while in 1941 a single specimen was taken at
station 7. Much of this difference is no doubt
due to the fact that the 1952 net tows were
oblique to about 300 meters, but more ex-
tensive sampling of the surface waters off
Peru may show that Sagitta sp. was unusually
scarce there in 1941. A specimen belonging
to the serratodentata group was taken at station
13 and is for convenience called S. serratoden-
tata atlantica since it most closely fits the
description given by Thomson (1947). It is
considered for the present to be a form of
S. pacifica and part of that population.
Sagitta tenuis (Fig. 13) occurred at 12 sta-
S. robusta
"day-night '41
Ix I pre sen t ' 52
"~ .
80)(
•
••
•
..
x
"
•
G}" "
10
"0x " "
FIG. 11. Distribution of Sagitta robusta in 1941 and
1952. Crosses with hatchure-presenr 1952, without
hatchure-absent 1952.
tions in 1941. The taxonomic status of this
species has been in doubt for many years.
Most workers (Faure, 1952; Fraser, 1952; To-
kioka, 1955) have kept S. tenuis and S. friderici
as separate species. The author also held this
opinion for some time; however, in the 1941
Peru material a complete set of intergrades
exists between S. friderici to the south and
S. tenuis to the north. The same situation has
been observed by the author in samples taken
off Lower California except that there the
tenuis-like form is to the south and the friderici-
like form to the north. Michael (1911) called
this species Sagitta bipunctata. In view of these
intergrades, it would appear that S. tenuis and
S. friderici are ecotypic variants of a single
interbreeding population or species. Because
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FIG. 12. Occurrence of Sagitta pacifica off Peru in
1941.
of the great variability of the species, it is the
author's opinion that S. setosa, living in water
of reduced salinity, is also a form of the spe-
cies and is interbreeding with the population
in the eastern Atlantic. However, until this
hypothesis can be definitely established or
disproved, it seems best to retain the name
S. tenuis for the species. The correlation of the
morphologic variations of this species with
its physical environment and the untangling
of the involved synonymy will be treated
more extensively in a paper on the general
biology of the species now in preparation.
In 1952 S. tenuis occurred at only three
northern stations and was of the large friderici-
like form. In 1941 this form was found to the
south and the small tenuis-like form at the
northern stations. Apparently in August of
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1952 the tenuis-like form (warm water) did not
extend south of the Gulf of Guayaquil while
in 1941 it reached south to the coast of Peru.
CONCLUSION
Although the material available is not as
extensive as might be desired, there is no
doubt that the May 1941 distribution of chae-
tognaths off Peru was significantly different
from the August 1952 distribution. The rela-
tionship of the 1941 and 1952 samples to El
Nino and El Aguaje is shown in Figure 14.
The following hypothesis is advanced as
an explanation of the data presented above in
the hope that it will lead to more thorough
and critical field and laboratory 'investigations
to test its validity.
/0
x
FIG. 13. Distribution of Sagitta tenuis off Peru in
1941 and 1952. Crosses with hatchure-presenr 1952,
without hatchure-absenr 1952.
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FIG. 14. The relationship of the 1941 and 1952 plankton samples to the physical environment off Peru. The
extent in time of El Nino, El Aguaje, and upwelling are taken from Sverdup, Johnson, and Fleming, 1942. The
average surface temperature in degrees centigrade and surface salinity in 0/00 are based on Coast and Geodetic
Survey publications 280 and 281. The increase in temperature and concurrent decrease in salinity during the
months of January through April are conspicuous.
The August 1952 samples, indicating cool
water conditions, are probably more repre-
sentative of the usual conditions off Peru than
are the May 1941 samples because the Peru
coast is characterized by relatively cool water
(Fig. 14). El Nino was apparently above aver-
age strength in 1941 as indicated by the heavy
rainfall that year (Sverdrup et a!., 1946; Sears,
1953). The chaetognath population in the
surface water off Peru in May 1941 is thought
to have been formed from individuals brought
in from the west by El Aguaje and mixed
with the remnants of a population brought
down from the north by El Nino earlier in
the year.
Sagitta pulchra, a common species in the
Gulf of Panama, was not found in the 1941
samples. This species might occur off Peru at
the height of unusually strong penetration of
water from the north.
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